Studies Directed Towards The Total Synthesis of Bryostatin. by BANDYOPADHYAY, ANIS
Abstract
The thesis entitled "Studies Directed Towards The Total Synthesis of Bryostatin" is divided into two chapters. CHAPTER I: Chapter I is further divided into two sections. SECTION A: Section A deals with the introduction and literature approaches towards the synthesis of bryostatin. SECTION B: Section B deals with the present work wherein the approach towards the C1-C16 fragment of bryostatin is described. Bryostatins, 20 related macrolides (figure 1) isolated from the marine bryozoa Bugula neritina have been known to possess remarkably powerful antineoplastic activity against the murine P388 lymphocytic leukemia and other tumors and have the potential to activate protein kinase C without tumor promotion; in contrast to the activities of phorbol and aplysiatoxin. In particular, bryostatin 1, which is the most abundant congener in the family, is in phase II of clinical trials. The exact sequence of biological events by which bryostatin 1 induces tumor regression remains unknown. One hypothesis is that bryostatin 1 synergises with interleukin-4 (IL-4) and interleukin-2 (IL-2) to activate protein kinase C and that this stimulates the maturation of cytotoxic T-lymphocytes from naive, resting T-lymphocytes. Bryostatin 1 then cooperatively activates the newly primed cytotoxic T-cell, along with IL-4 and IL-2, to promote the non-specific lysis of tumor cell. 
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Our synthetic study towards the development of C1-C16 fragment of bryostatin is presented in this chapter. The general retrosynthetic strategy is shown in Scheme 1. 
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Synthesis of C1-C10 fragment: Synthesis of C1-C10 fragment began with the kinetic resolution of the racemic epoxide 1 with Jacobsen's catalyst to afford the chiral epoxide 2 and diol 3 (Scheme 2). Primary hydroxyl group of the diol 3 was protected as TBDMS ether followed by tosylation of the secondary 
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Epoxide 2 was opened by Yamaguchi method to produce the THP protected propargyl alcohol 14 (Scheme 5). After protection of the secondary hydroxyl group as the benzyl ether, the THP group was deprotected using PTSA in MeOH to yield the propargyl alcohol derivative 16. Compound 16 was converted into the trans-allylic alcohol 17 using LiAlH4. Sharpless asymmetric epoxidation (SAE) on 17 afforded the epoxy alcohol 18. Compound 18 was converted to the epoxy iodide 19 by TPP-I2-imidazole, which under reflux with Zn and NaI in MeOH afforded the secondary allylic alcohol 20. After protection of the hydroxyl group as a TIPS ether, hydroboration followed by Swern oxidation afforded the aldehyde 23. An aldol condensation between the aldehyde 23 and methyl isobutyrate gave two diastereomers 24 and 25 in a 2:3 ratio respectively. 
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condensation of the dimethylmethylphosphonate anion with the methyl ester 27. The secondary hydroxyl group of the isomer 24 was oxidized to keto using the Swern protocol to yield the compound 29 (Scheme 7). Deprotection of the TIPS ether followed by selective reduction under Evans condition afforded the isomer 26. 
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Synthesis of the C11-C16 fragment: The synthesis of the C11-C16 fragment began with dimethyl 1,3-acetone dicarboxylate 31 (Scheme 8). After protection of the keto group as a cyclic ketal, the ester groups were reduced with LiAlH4 to afford the diol 33. Monobenzyl ether formation followed by one-pot oxidation and Wittig olefination gave the trans-a,b-unsaturated ester 35. DIBAL-H reduction followed by SAE gave the epoxy alcohol 37. Compound 37 was converted to epoxy iodide 38 by TPP-I2-imidazole, which under reflux with Zn and NaI in MeOH afforded the secondary allylic alcohol 39. Protection of the hydroxyl group as TBDMS ether followed by dihydroxylation and NaIO4 treatment gave the aldehyde 42, which on reduction with NaBH4 in MeOH afforded the alcohol 43. After protection of the hydroxyl group as MOM ether, the benzyl group was hydrogenolysed and the resulting alcohol subjected to Swern oxidation to afford aldehyde 46. 
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Construction of the C1-C16 framework: The Horner-Wadsworth-Emmons coupling between the phosphonate 28 and the aldehyde 46 gave the desired trans-a,b-unsaturated ketone 47 (Scheme 9). Deprotection of the TBDMS group with TBAF resulted in tetrahydropyran ring formation to give the required isomer 48. Deacetonization in PPTS-MeOH led to the second pyran cyclization in favour of the required isomer 49. Stereochemistry of the pyran rings in both the compounds 48 and 49 were confirmed with the help of extensive 1H NMR studies including two dimensional correlation experiments. 
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CHAPTER II: Chapter II deals with the development of new methodologies for the preparation of chiral allylic amine and is divided into three sections. SECTION A: Section A deals with the introduction and literature methods for the preparation of chiral allylic amine. Allylic amines, 50 (figure 2), are fundamental building blocks in organic chemistry and their synthesis is an important industrial and synthetic goal. The allylic amine fragment can be encountered in natural products, but often the allylic amine is transformed to a range of products by functionalization, reduction or oxidation of double bond. The allylic amines have been used as starting materials for the synthesis of numerous compounds such as a- and b-amino acids, different alkaloids and carbohydrate derivatives. Thus the growing importance of allylic amines in organic synthesis and the presence of this functionality in many natural products such as gabaculin (51), oryzoxymicin (52), and cytosinine (53) has lead to develop a new methodology for the preparation of chiral allylic amine. 
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SECTION B: Indium mediated facile synthesis of N-substituted chiral allylic amines 55 from 5-iodomethyl-2-oxazolidinones 54 (Scheme 10). 
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Scheme 11 illustrates the synthesis of 5-iodomethyl-2-oxazolidinones 54 from allylic alcohols 56 via optically active amino diols 58. Allylic alcohols 56 were subjected to Sharpless asymmetric epoxidation (SAE) to afford the epoxy alcohols 57, which on regioselective ring opening with amines gave optically active amino diols 58. The amino diols 58 were treated with methyl chloroformate and K2CO3 in THF to afford the bis-carbonates 59. The crude carbonates 59 were treated with 10% KOH in MeOH to afford 5-hydroxymethyl-2-oxazolidinones 60, which on treatment with TPP-I2-imidazole gave 5-iodomethyl-2-oxazolidinones 54. 
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The results are listed in Table 1. Mild reaction conditions, high yields, short reaction times, no racemization and use of non-toxic metal are some of the advantages of this procedure. Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a59_figureNO16.jpg" \t "_blank​) Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a59_figureNO17.jpg" \t "_blank​) 
SECTION C: Indium mediated efficient conversion of 2-iodomethyl aziridines 61 and 2-[3-iodo-(E)-1-propyl] aziridines 63 to chiral allylic amines 62 and 64 respectively (Scheme 1 Figure (​http:​/​​/​www.csirexplorations.com​/​images_et​/​a59_figureNO18.jpg" \t "_blank​) 
Scheme 13 illustrates the synthesis of 2-iodomethyl aziridines 61 from allylic alcohols 65. Allylic alcohols 65 were subjected to Sharpless asymmetric epoxidation (SAE) to afford the epoxy alcohols 66. The chiral epoxy alcohols 66 were transformed to the inverted aziridino compounds 69 by a straightforward series of operations. The amino functions of the aziridine compounds 69 were protected as a p-toluenesulfonamide to give 70. Deprotection of the TBDMS group followed by treatment with TPP-I2-imidazole afforded 2-iodomethyl aziridines 
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Scheme 14 illustrates the synthesis of 2-[3-iodo-(E)-1-propyl] aziridines 63 from 2-hydroxymethyl aziridines 71. Compounds 71 on oxidation with SO3.Py gave the aldehydes 72, which without purification were treated with formylmethylenetriphenylphosphorane to give trans-a,b-unsaturated aldehydes 73. Reduction of the aldehyde group with NaBH4 in MeOH afforded alcohols 74, which on treatment with TPP-I2-imidazole yielded 2-[3-iodo-(E)-1-propyl] aziridines 63. 
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The results are listed in Table 2 Mild reaction conditions, high yields, short reaction times, high selectivity and use of non-toxic metal are some of the advantages of this procedure. Table 2: Indium mediated conversion of 2-iodomethyl-N-tosyl aziridines to chiral allylic amines 
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